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_ SUMEARY

Object. - To determine the effect of inlet-air temperature and
cylinder displacement on ths charge temparature of an internal-
combustion engine at the end of the induction stroke.

Scone. -~ The heating effect of cylinder walls was estimated by
determining ih= effect of inlst-air temperatur® on air consumrtion of
engines operatad at constant inlet-air nressur:. Te2sts were run on
the following five single-cylinler t=ct units: an e.aine of 17.6-cubic-
inch displacament; a CiR encine of 37.L-cubic-inch displacement; a
Lycoming cylinder of 102.8-cubic~inch displicement; an allison V~1710
cylindsr of 1Lh2.5-~cubic-incn displacenent; and a Wrisht 1820 G270 cyl-
inder of 202.5-cubic-inch disnlacement.

The actual value ¢f ihe cylinler-charge temyperature has not bran
determinad in tliis investisition, but the variation of the charze tem-
perature with the inlet-air temperatare and the =2ffect of cylinder size
on these variations have becn found.

Summary of results. - Results of tasts arz summurized as fecllews:

1. The cylinier—-charge tecmperature a2t the end of ths induction
stroke appeared to be a linsar function of the inlst-air temperature.

2. The rate of change of cylinder-charge temperature at the end
of the induction stroke with the inlet-ailr tempar.ature varied with the
cylinder displacement according to the equation:

]_oge B = _%112_
5

where

B rate of change of cylinder-chzrge tempsraturz at end of induc-
tinn stroke with inlet-air temperature



D cylinder displacement, cublec linches

INTRCDUCTION

Cne of the main problems in the field of Tuel knock rating is
the correlaticn of knock tests cbtained with varicus engrine cylinders.
Tests of the same fusl in differant cylinders at the sanme conditions
of compressicn ratio, engine speed, inl=t-air temperature, ccclant
or head tempzraturc, and spark advance snow laree differences in knock
limits. One of the contributing causes tn the disa¢rermant betwesn
cylinders is the difference in hz2at transfer rrom the cylind-r to the
charge.

The present study is part cf a procram to correlate kneck tests
ameong various cylinders and to determine the relative eflfect of engine
variables on the knock limiv of fuels. The specific object of this
investigaticn is to ‘letermine the effects of inlet-air tasmperature and
cylinider displacement on the charge temnsratuare at the #nd of ths induc-
tion period. Th= rosults are primarily intenisd to aid in the analysis
of knock-test data.

The followinsr squation from refrrence 1 relatas cylindcr-charge
temperature, inlet-air temnarature, and cylind=r-vall temverature:
T A
llc = i + A \"'W - Ta) (1)
or
Te = Ta (1 =4) + Iy A
where
T, charge temrerature

T, ipl~t-3ir terperaiure

by

Ty mean inside tomperature of cylindcr walls

A censtant

Reference 1 dens not sive a feormal derivaticn of eguatizn (1). A
derivition given in the appendix ~f iha pres-nt r-jort riv:s the fel-
levwiing squations:

To = Tg 2 + Ty (1 - 2) (2)




loge § = (3)

ol

where B and H are constant. Equations (1) and (2) are equiva-
lent and B =1 -~ A.

Experimental evidence was gathered in the present study to verify
the form of equation (2) and to evaluate the constant H in equa-
tion (3). The data do not permit the evaluation of T,.

The data for this study were obtained by the NACA at the Langley
Memorial Aeronautical Laboratory at Langley Field, Va., and at the
Aircraft Engine Research Laboratory at Cleveland, Chio.

APPARATUS

Tests were conducted on an erngine of 17.6-cubic-inch displacement
designed by the Ethyl Corporation, a CFR engine, a Lycoming 0-1230 cyl-
inder, an Allison V-1710 cylinder, and a Wright 1820 G200 cylinder.

The Wright cylinder was air-ccoled and the other four cylinders were
liquid--cocled. The test setups are described in the succeeding para-
graphs.

17.6 engine. - In the 17.€-engine tests the standard intake elbow
for the AFD 3-C fuel-test engine was used. A small surge tank with
a volume of 415 cubic inches was directly connscted to the intake elbcw.
Air flow was measured with a thin-plate-orifice meter. Fuel was
injected into the air at the intake eltow.

The valve timing was as follows:

Intake opens, degrees A.T.C. . . e e e s e e e . e e . « 10
Intake clcses, degrees ALB.Ci « & « « « & e e e e . A ITo)
Exhaust oprens, degrees B.B.C. . . e e s e . . « » L0
Exhaust closes, degrees A.T.C. « = &+ & =« « « o - « s e . . 15

CFR engine. - The tests with the modified CFR engine of 37.L4~cubic-
inch displacement were conducted with the apparatus described in refer-
ence 2. A fuel-injection nozzle was inserted into a special opening
in the intake manifold at a point directly opposite the intake port of
the engine. The nozzle pointed directly at the center of the intake
port and was located 3 inches from the port. Injection started at
L40%® A.T.C. on the intake siroke. The combustlon-air surge tank had a
volume of 450 cubic inches. The inlet-air pressure was measured by a



mercury manometer connected to the surge tank. The inlet-air temper-
ature was measured by a mercury-in-glass thermometer located between
the surge tank and the intake manifold.

An evaporative cooling system was used and the coolant temperature
was at the boiling point of the coolant. The desired boiling points
were obtained by using mixtures of water and ethylene glycol.

The valve timing was ss follows:

Intake opens, degrees A.T«Ca -+ o ¢ o o o ¢ s s o o ¢ « e« « 10
Intake closes, degrees A.3.Cc  « « « o s o s o« o « s s & .o« 3l
Exhaust opens, degrees P.3B.C. e s e e s e [T
Exhaust closes, degrees A.T.C. . . . . v e s o e o s s s s s s « 15

ILycoming cylinder. — A Lycoming 0-1230 cylinder with a 1C2.8-cubic-
iriecn displacement was installed on a CUE crankcase. A surge tank with
a volume of 17,300 cubic inches was connected to the intske port of the

cylinder with a 2{%-ﬁ1nch-diameter intake pipe 12 inches long. Fuel

was sprayed into the intake pipe through a neozzle hg inches from the
intake port of the engine.

The valve timing was as follnws:

Intake opens, degreas ReT-Ce ¢ & ¢ o ¢ ¢ ¢ 2 o s o o s s s o = » o 31
Intake closes, degreses A.R.C. N Y4
Exhaust opens, degrees R.Z2.C. Tt e s e e s e e e s e e .. &1
Exnaust closes, degrees A.T.Ce ¢ v v v ¢ ¢ ¢ v « o o s o ¢ = « =« o« 37

Allison cylinder. - An Allison ¥~1710 cylinder of 1L42.5-cubic-inch
displacement was installed on a CUE crankcase. The test equirment was
identical with the Iycoming setup except for the cylinder, the piston,
ar.d the crankshaft throw,.

The valve timing was as follows:

« v« . ... L8
c e e e .. 62
B
c e e e . 26

Intake opens, degrees B.T.C. .« . + ¢« « .« &
Intake closes, degrees A.R.C. e s e
Exhaust opens, degrees B.R.C. . .« v .
Exhaust closes, deirees A.T.C. . . .,

fright cylinder. - A wright 182C G200 zir-cooled cylinder of
202.5-cubic~inc.a displacement was mounted on a CUE crankcase. The cyl-
inder was fitted with commercial aircraft baffles and mounted in a
speclal cowling. The rest c¢f the test apparatus was identical with
the ILycomin- setup excert for the cylinder, the piston, and the crank-
shaft throw,




The valve timing was as follows:

Intake opens, degrees BeTuCi é ¢« o « s ¢ s « « o s o o s 2 « » o 1y
Intake closes, degroe8 A«BaCu « « o v o o » 5 o « s o « s =« « o » U0
Exhaust opens, degrees BuBeC: « o = o o « 5 s s s o o o+ s s « « Th
Exhaust closes, degrees A.T.C. ¢« + &« o ¢ ¢ ¢ o 2 o ¢« o o o 5 s o ¢ 21

TEST FROCEDURE

The inlet-air pressure was adjusted equal to the exhaust pressure
and the pressures were held constant during all tests. Test condi-
tions for each engine are given in figures 1 to 5. 1In the case of
the four liquid-cooled cylinders, the coolant temperatures were held
constant in any one test, the inlet-air temperature was varied, and
the air flow at each temparaturs was measured.

The air-cooled Wrlght-cylinder tessts were similar to the liquid-
cocled cylinder tests with the excepotion of cylinder-cooling control.
In this series of tests, the coolinz-alr pressure drop across the
engine cylinder and the cooling-air temperature were held constant
during any one run. Runs wesre taksn at two different cooling-air
pressure drops.

ANALYSI3S OF RMSULTS

Ths wvariation with inlet-air temperaiture of the air flow into an
engine cylind=r at constant inlet-air pressure is a meusure of tla
variation of cylinder—charge temperature with inlet-air temperature,
provided that the inlet-air temperature and the coolant temperature
do not aifect the cylinder-charge pressure at the instant of inlet-
valve closing and provided that the effects of supercharging which
result from the inertia of the air in the intake pipe are small.

The temperature of the cylinder charge at the instant of inlet-
valve clcsure is proportional io the reciprocal of the charge weight;
therefore, the reciprocal of the air flow measured in the present
tests was plotted against the measured absolute inlel-air temperature
(figs. 1 to ¥). The fact that straight lines fit the data indicate
that the form of equation (2) is correct.

Evaluation of B. — The reciprocal of the air flow to the cyl-
inder with no heat transfer (termed "thecretical air flow") is dirsctly
proportional to the absolute inlet-air temperature. The straight
lines drawn through the origins of figures 1 to 5 show: this variation
of the theoretical air flow with the inlet-air temperature.




If M eguals the mass of air inducted into the cylinder, then

% maT,=aTyB+aly (L - B)
cr

L
Mtheoretical

"aTcﬁﬂTa

in which a is a constant. It follors from these two equations
that aB is the clope of the experimental air-censumption lin= and
a i3 ths slone of the theorelical air-contamrticn line. The rutio
of these tvo slones is R,

The valuss of 2 and 1 - B for the differant cyliaders w-re
calculated from figures 1 to & and are piven in the fallouing tatle:

oy lindor B 1-2
17.6 enzin= AN A S Na A9
C¥R ergzins= L4521 .53
Lycomiag J-125C | f1l3 | 257
Alliscn V-171" bES W3L5
Wricht 1827 3260 470 | 330

Equation (2) shors that, if the log. % is plottad eruinst the
rzcirre.al of k2 cueco rect of the cylind=r Aisniacoment, the data
far » onztrically similw cylinaore shoull £211 on a sivtle strai~ht
lire paszing tirouen the crigin. The dala from the or-ceulng t:tle
were plottea by tiis maLthod in fisure 6. Th- Jdata fall surnrisinely
clezz to a2 struirht 1lin= macsire ihkrcugh tre ~rigin. 1he hrating of
ti~ cylinaor charee is, therefren, more dependenl upon cylinder size
than wpon cvlind.r irsirn. Figurc 7 is a rplol of fipure 5 in a
ror~ us2ful ferm.

Trn slone of ihe: 1ina in ficure 6 is 2.32 and the egquaticn r-lating
B and =ylind.r displacemant L i3 therzfaore

Ty = T
S v =~ la
J-o;'r_: -3 = 1C'-'—,p b =
= N "l =

Approximationg, - The t-sl uothets uscd in Lhis investiration do
nnt tak- irtc scecunt the roatine of the charge through adnixture with
hot residuil gasere. If thw. specific heat of tho residuals oguids the




specific heat of the charge, the temperature of the residuals will .

not affect the volumetric effliciency and, consequently, this heating
effect is not deteclable in the data obtained. The heating due to

residuals must be estimated by other means.

Pressure loss in the induction process causes a rise in charge
temperature. The test method used in this report takes this temper-
ature rise into account, bui equation (2) was derived on the assump-
tion that all heating is caused by heat transfer. As a consejuence,
the form of sguation (2) is not exactly correct, but the errors intro-
duced by this approximation are small. ’

Aircraft Tngine Research Laboratory,
National Advisory Ccmmittee for Aeronautics,
Cleveland, Ohio. -




APPENDIX
EQUATION FOR CHARGE TEMPERATURE

Notation. ~ The following symbols will be used in the derivation
of formias for determining the cylinder—chiarge t=mperature:

Q quantity cf heat transferresd to charge
K aan coefficient of heat transfer from cylinier wall to charge

AT  tismperatur: difforentjal batwzen cylinder wall and eylinder
chargz (Tw ~ Te)

Ty 1inside temperatura of cylindsr wall
Te tamperature of cylinler charg.

Ta  tewperature of inlet air

C 2at capacity of entir: cylind.r charge per degr-e change in t=m-
perature
t time of contact between cylindsr wall and charga
N engin? spezd, revolutions par unit time
k proportionality constant between t and %
“ZKK
B dimensinnl»ss paramet.r Gﬁ— £ log.- ]5
D engine displacement

Derivaticn of equrtion. ~ The charge drawn intc the cylinder is
heated Ly heat transfe:r from the cylinder walls. The heat-transier
equabtion is

d) = K AT dt (L)

The rise in the temperature of the cylinder chargn, assuming the
cylinder-wall temperature to be coastant, is

a
dT, = -dAT = o (5)

Eliminate dQ from the two equations

C dAT = K AT dt



d AT K
3T " -g at

Integrate the preceding equation, assuming that K and C are con-

stant,

loge AT = -£ ¢ + Cy

where Cy 1s the integration constant. The constant may be evalu-

ated by assuming that, when t equals zero,
AT = Ty = Tg
Therefcre,
C1 = loge (Tw = Ta)
At any other time

LT’TW-TC

Substitute the values of &7 and AT into the eguation

Ty - T¢ K
10‘1: :__.—____t
e Tw = Ta G

The time t i3 inversnly preperticnal to encine speed,

T, -« T
\r c kK
1oFe g7, " TCN
or
poon, K
_I______-eua - B
Tw - Ta
Alsn

Te = Tg B + Ty (1 = B)

Therefcre,

(6)

Equatlion (6) is the basic equation fer relating cylinder-charge
temperature to inlet-air temperature and cylinder-wall temperature and
is the same equaticn a3 given in reference 1 except that the censtants

are defined differently, that is, B =1 -~ A,
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"The ratio K/C is proportional to the surface-volume ratio at
The surface~vclume ratio of similar cylinders
therefore,

censtant pressure.
varies inversely with the cube roct of the displacement;

1
c —
2

Q=

or
&

loﬁ T =
e s

and
g
(7)

Loga % =3
Ty

ls the properticnality coanstant.

where H
o 1 . . . 1 . . X
IT lofe g 1s Floited arainst z;:: {er varicus angirer, tre
- D
data sheuld fall on a siraight lire yassing thrcugh the crigian witn

a slepe eausl to H.
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Figure 1l.- Comparison of theoretical and measured air flow in a 17.6 engine. Engine displacement,

17.6 cubic inches; compression ratio, 7.0; intake valve closes, 40° A.B.C.; engine speed,
2370 rpm; inlet-air pressure, 29.07 inches Hg absolute; exhaust pressure, 30 inches Hg absolute;
coolant temperature, 250% F; fuel-air ratio, 0.075.
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Reciprocal of air flow, sec/lb
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Figure 2.- Comparison of theoretical and measured air flow in a CFR engine. Engine displacement,

37.4 cubic inches; compression ratio, 7.0; intake valve closes, 34° A.B.C.; engine speed,
2000 rpm; inlet-air pressure, 30 inches Hg absolute; exhaust pressure, 30 inchés Hg absolute;
fuel-air ratio, 0.075.
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Reciprocal of air flow, min/1b
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Figure .- Comparison of theoretical and measured air flow in a Lycoming 0-1230 cylinder. Engine
displacement, 102.8 cubic inches; compression ratio, 7.0; intake valve closes,

67° A.B.C.; engine speed, 2400 rpm; inlet-air pressure, 29.20 inches Hg absolute; exhaust pressure,
30 inches Hg absolute; fuel-air ratio, 0.075.
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Reciprocal of air flow, min/ 1bv
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FPigure 4.- Comparison of theoretical and measured air flow in an Allison ¥-1710 cylinder. Engine
displacement, 142.5 cubic inches; compression ratio, 6.65; intake valve closes, 62°
A.B.C.; engine speed, 2400 rpm; inlet-2ir pressure, 29.10 inches Hg absolute; exhaust pressure,

Inlet-air temperature, °F abs.

30 inches Hg absolute; fuel-air ratio, 0,08,
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Reciprocal of air flow, min/lb
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Figure 5.- Comparison of theoretical and measured air flow in a Wright 1820 G200 cylinder. Engine e
displacement, 202.5 cubic inches; compression ratio, 6.72; intake valve closes, 4Q° A.B.C.;¢

engine speed, 2400 rpm; inlet-air pressure, 29.3 inches Hg absolute; exhaust pressure, 30 inches He
absolute; fuel-air ratio, 0.075.
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Figure 6.- Effect of cylinder displacement on heat-
ing of cylinder charge.
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Figure 7.— Effect of cylinder displacement
on heating of cylinder charge.
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